Researchers evaluating voice disorder interventions currently have a plethora of voice outcome measurement tools from which to choose. Faced with such a wide choice, it would be beneficial to establish a clear rationale to guide selection. This article reviews the published literature on the three main areas of voice outcome assessment: (1) perceptual rating of voice quality, (2) acoustic measurement of the speech signal and (3) patient self-reporting of voice problems. We analysed the published reliability, validity, sensitivity to change and utility of the common outcome measurement tools in each area. From the data, we suggest that routine voice outcome measurement should include (1) an expert rating of voice quality (using the Grade-Roughness-Breathiness-Asthenia-Strain rating scale) and (2) a short self-reporting tool (either the Vocal Performance Questionnaire or the Vocal Handicap Index 10). These measures have high validity, the best reported reliability to date, good sensitivity to change data and excellent utility ratings. However, their application and administration require attention to detail. Acoustic measurement has arguable validity and poor reliability data at the present time. Other areas of voice outcome measurement (e.g. stroboscopy and aerodynamic phonatory measurements) require similarly detailed research and analysis.
Introduction
The rise of evidence-based medicine and 'payment by results' has driven a need for sophisticated and robust clinical outcome data in all areas of medicine. Outcome measurement tools need to have established reliability, validity, sensitivity to change and utility in order to be clinically useful and to enable confident assessment of a disorder as it changes following intervention. 1 'Reliability' refers to the internal consistency and stability of the tool, 2 free from random error 3 or unwanted variation. 4 'Validity' is concerned with the relevance of a tool or the extent to which the instrument measures what it purports to measure. 2, 3 If the reliability of a measure can be seen as its trustworthiness, then validity can be thought of as its truthfulness. 5 'Sensitivity to change' refers to an instrument's responsiveness and ability to detect clinically important changes. 6 'Utility' is a measure of the ease of use of a tool for both the clinician and patient. Aspects such as patient discomfort and inconvenience (e.g. the time required to complete the task) are also important here.
Several areas of voice outcome measurement have been subjected to systematic international research over the past decade. Although different voice disorders may be treated with different types of intervention (e.g. pharmacological, surgical, behavioural, mechanical or psychological, or a combination), similar voice outcome measurements can be applied to all situations.
This review concentrates on three areas of voice outcome measurement that have been subjected to extensive research: (1) perceptual rating of voice quality, (2) acoustic measurement of the speech signal and (3) patient self-reporting of voice problems. The outcome measurement tools for each area are discussed with respect to their reliability, validity, sensitivity to change and utility. It is clear that there are a number of other areas of voice outcome measurement which require similarly detailed research -for example, endoscopic laryngeal interpretation (including stroboscopy) and aerodynamic phonatory measurements. However, to date no such data have been published.
marking the extent to which the voice deviates from a perceived 'normal' range. 7 Perceptual voice quality rating is considered by all voice clinicians to be an essential outcome measure. 1 There are a number of formal voice quality rating scales available. Three of the most commonly used scales in the UK are the Buffalo Voice Profile, 8 the Vocal Profile Analysis scheme 9 and the Grade-Roughness-Breathiness-Asthenia-Strain scale. 10 An additional rating scale has recently emerged -the Consensus of Auditory Perceptual Evaluation Voice scale, which incorporates the parameters of grade, roughness, breathiness, asthenia and strain, and also allows for additional dimensions to be added. 11
Reliability
Several studies have established good reliability for the Grade-Roughness-Breathiness-Asthenia-Strain scale in the hands of expert users. 12 -14 To our knowledge, there have not been any studies examining the reliability of the Consensus of Auditory Perceptual Evaluation Voice scale, the most recent perceptual voice quality rating scale suggested by the American Speech and Hearing Association. Webb et al. have provided the only evidence for the comparative internal consistency, repeatability and reliability of three commonly used voice quality rating scales. 15 Webb and colleagues' study was conducted under optimal rating conditions using seven highly experienced voice clinicians. A judgement of 'overall' voice severity was the most robust rated parameter in terms of inter-and intra-rater reliability (with reliability coefficients of 0.78 and 0.81, respectively). The Grade-Roughness-Breathiness-Asthenia-Strain scale was reliable across all parameters (inter-rater reliability coefficients ranged from 0.68 to 0.70 and intra-rater reliability coefficients from 0.69 to 0.79) except strain (with an inter-rater reliability coefficient of 0.48). Almost all of the component parameters of the Buffalo Voice Profile and Vocal Profile Analysis scales were found to have either poor or moderate reliability (i.e. below 0.50).
Validity
Perceptual voice rating has strong content validity, since most patients seek help for a voice disorder based on the sound of their voice. In addition, improvement in voice quality is the outcome by which interventions are judged to be successful. 1, 7 The criterion validity of perceptual voice rating (i.e. does it measure what it purports to measure?) has been demonstrated by highly significant correlations between Grade-Roughness-Breathiness-Asthenia-Strain scale ratings and self-perception and selfreporting scale scores. 16 In this particular study, the strongest correlation (Spearman's correlation coefficient of 0.32) was between the 'overall' grade of voice severity and the Vocal Performance Questionnaire total score (see below).
Sensitivity to change
To date, there has only been one quantitative study assessing the responsiveness to change ( following intervention) of auditory perceptual voice quality ratings. Steen et al. 17 compared effect sizes of the component parameters of the Grade-Roughness-Breathiness-Asthenia-Strain scale in a cohort of 144 patients following voice therapy and phonosurgery. For subjects undergoing voice therapy, there were significant, small-to-medium effect sizes. All of the Grade-Roughness-Breathiness-Asthenia-Strain scale parameters except roughness showed moderate effect sizes (the standard deviation (SD) ranged from 0.32 to 0.57). Roughness ratings generally showed less responsiveness to change following either voice therapy or surgery (effect size SDs ranged from 0.16 to 0.29).
Utility
Perceptual voice evaluation can be quick to perform and succinct, and the results easily communicable between clinicians. It is also non-invasive, readily available and can be performed 'live' in the clinic. However, when undertaking external validation, voice samples should be recorded using high quality recording equipment (preferably in a soundproof room). It is important to note that the task requires highly trained clinicians in order to be performed adequately. A review of practice amongst UK experts in voice perception analysis concluded that the absolute minimum requirement for observer voice assessment in the clinical setting was the use of the Grade-Roughness-Breathiness-Asthenia-Strain scale. 7 Acoustic measures of voice quality Acoustic analysis of the voice signal involves computerised measurement of specific properties of the sound waveform as produced by the patient. For the purposes of voice outcome measurement, the three most commonly used acoustic parameters are 'jitter' (i.e. cycle-to-cycle frequency perturbation), 'shimmer' (i.e. cycle-to-cycle amplitude perturbation) and harmonics to noise ratio (an expression of aperiodic to periodic sound). In most published papers, these parameters are measured during 'steady state' vowel production.
Reliability
Steady state acoustic vowel analysis has been reported to have only moderate reliability, for both intra-and inter-system comparisons and repeated measures (i.e. within-subject) analysis. 18 -20 Carding et al. studied a group of dysphonic patients and found that test-retest reliability (i.e. stability) coefficients were at best moderate for jitter (0.45 (95 per cent confidence interval (CI) ¼ 0.23-0.70)) and shimmer (0.40 (95 per cent CI ¼ 0.18-0.67)) and lower for harmonics to noise ratio (0.33 (95 per cent CI ¼ 0.11 -0.63)). 21 The intra-class correlation coefficient for reliability improved when acoustic analysis was performed on non-dysphonic or nearnormal (i.e. type one) voice signals ( jitter ¼ 0.73 (95 per cent CI ¼ 0.58 -0.85), shimmer ¼ 0.55 (95 per cent CI ¼ 0.35-0.74) and harmonics to noise ratio ¼ 0.68 (95 per cent CI ¼ 0.51 -0.82)). This, however, emphasises the limited clinical application of these techniques at the present time.
Validity
Dysphonia may be defined as the degree of aperiodic sound produced by the sound source (i.e. the vibrating vocal folds). 18 -21 Therefore, it may be argued that analysis of the periodicity of the sound signal may have high content validity. However, acoustic measurements of this type are only valid when applied to signals with sufficient periodic structure. 22 This could mean that at least 20 per cent of patients within a typical voice pathology population may not be analysable in this way. 21 Criterion validity has not been clearly established. Some authors (e.g. Rabinov et al.) have suggested that a close correlation exists between specific parameters and certain perceptual voice quality features; however, others (e.g. Carding et al.) have reported a less convincing and highly complex correlation. 20, 21 Furthermore, many authors have debated the validity of steady state vowel analysis for the purposes of voice outcome measurement, and have argued for a more representative measure of connected speech. 23 However, more complex speech signals are inherently more difficult to analyse, and data are sparse.
Sensitivity to change
There is limited information on the comparative sensitivity of acoustic voice analysis parameters for measuring voice change. Carding et al. found poor-to-moderate effect sizes when assessing the sensitivity of such parameters in detecting change following treatment. 21 Following surgery, the effect sizes (SD) for this assessment were: jitter ¼ 0.32, shimmer ¼ 0.28 and harmonics to noise ratio ¼ 0.34; those following voice therapy were: jitter ¼ 0.47, shimmer ¼ 0.34 and harmonics to noise ratio ¼ 0.32.
Utility
Good reliability of acoustic measurement is difficult to achieve in moderately dysphonic (aperiodic) voices and is of very limited value in cases of severely dysphonic voice. The process of acquiring and analysing the speech sound signal is time-consuming (approximately one hour per patient) and requires considerable voice laboratory expertise.
Patient self-reporting
There are a number of voice-specific patient selfreporting tools reported in the literature. Most of the research activity over the past decade has concentrated on examining the Voice Handicap Index, the Vocal Performance Questionnaire and the Voice Symptom Scale. 24 -26 Reliability Several studies have examined the comparative reliability of the Vocal Performance Questionnaire, the Voice Handicap Index and the Voice Symptom Scale. 16, 17 In summary, based on assessment of 181 patients presenting with dysphonia, all three assessment tools provided excellent internal consistency (Cronbach's coefficient ¼ 0.81 -0.95) and repeatability (intra-class correlation coefficients: Voice Handicap Index total ¼ 0.83, Vocal Performance Questionnaire ¼ 0.75 and Voice Symptom Scale total ¼ 0.63). For baseline measures, therefore, criteria other than reliability should direct the selection of self-reporting tools.
Validity
Patient self-reporting has high content validity since, unless patients are satisfied with their own voice, little can claim to have been achieved in treatment.
Patient self-reporting also offers an opportunity to obtain information about vocal handicap and disability, in addition to aspects of vocal quality. Furthermore, many dysphonic patients have a widely fluctuating disorder (e.g. worse at the end of the working day or the working week). Therefore, the voice that is presented to the clinician in the voice clinic may well not be representative of the overall voice performance. 27 Self-reporting tools allow the patient to give an overall voice rating, as opposed to one based solely on vocal performance on the day of consultation. 27 Criterion validity is more difficult to prove. A central problem with many historic self-reporting tools has been the physician-centred nature of their derivation. Both the Voice Handicap Index and the Vocal Performance Questionnaire suffer from this limitation.
In this respect, the Voice Symptom Scale is considerably superior to all previous voice self-reporting tools, with 800 subjects participating in the final development of the tool. 26, 28 Criterion validity is also affected by the internal component structure of the self-reporting tool. Psychometric analysis of the 800 subjects' Voice Symptom Scale responses showed three distinct subscales: impairment (15 items), emotional response (eight items) and physical symptoms (seven items). 28 In contrast, Rosen et al. assessed the Voice Handicap Index and found a lack of statistically discreet subscales. 29 Further factor analysis of the Voice Handicap Index subscales revealed that only a single factor was being measured. For these reasons, a shorter, 10-item Voice Handicap Index was proposed.
Sensitivity to change
Several published studies have analysed the sensitivity of self-reporting assessment tools for measuring change following intervention. 16, 17 Again, it would appear that the Vocal Performance Questionnaire, Voice Handicap Index and Voice Symptom Scale all show large effect sizes as regards sensitivity to change following either voice therapy (SD results being 1.04, 0.62 and 0.78, respectively) or surgery (SD results being 0.82, 0.72 and 1.06, respectively). In terms of sensitivity to change, the ability of the MEASURING VOICE OUTCOMES Vocal Performance Questionnaire to demonstrate a treatment effect size of more than one (i.e. equal to the Voice Symptom Scale and somewhat higher than the Voice Handicap Index) is an impressive result for a short, 12-item questionnaire.
Utility
Deary et al. compared the Voice Handicap Index 10 (i.e. the shorter, 10-item version) with the Vocal Performance Questionnaire. 30 Both were found to be similar, being short, convenient, internally consistent, uni-dimensional tools used to measure the severity of a voice disorder. Furthermore, Rosen et al. concluded that there was no benefit to using the full (30-item) version of the Voice Handicap Index rather than the shortened Voice Handicap Index 10. 29 The use of an extended questionnaire (with a considerable risk of item redundancy) would appear to be required only for very specific reasons and requirements. In this latter case, it would appear that the Voice Symptom Scale may be most useful, since it has three discreet subscales. 28 
Discussion
When measuring outcomes, the aim is to document significant change -i.e. change that is neither random nor unimportant. 31 The established opinion is that voice outcome measurement should be multidimensional in nature. 1 We have analysed the evidence base for three common types of voice outcome measurement tools: voice quality perceptual rating, acoustic measurement of the speech signal and patient self-reporting. We suggest that the selection of voice outcome measurement tool should be based on considerations of reliability, validity, sensitivity to change and utility. Whilst our research only extended into three areas of voice assessment, we would anticipate that a similar approach to the analysis of other tools (such as laryngeal endoscopy and stroboscopy, and aerodynamic phonatory measurement) may also yield valuable clinical information.
From our research findings, we recommend that routine voice outcome measurement should include (1) an expert rating of voice quality (probably using the Grade-Roughness-Breathiness-Asthenia-Strain scale) and (2) a short self-reporting tool (either the Vocal Performance Questionnaire or the Voice Handicap Index 10). These measures have high validity, the best reported reliability to date, good sensitivity to change and excellent utility ratings. These instruments are therefore likely to provide high quality outcome information irrespective of whether the treatment choice is phonosurgery, voice therapy, pharmacological therapy or a combination of several approaches.
The obvious limitation is that, in a clinical setting, expert rating of voice quality will probably be carried out by the treating clinician. We should remember that published studies relate only to blinded, controlled, independent evaluation of voice quality by an expert rater. The effect of clinical bias and the performance of less expert raters have not been fully examined.
However, this should not prevent clinicians from applying these measures in routine practice in order to determine the effectiveness of their treatments. Furthermore, with respect to voice quality ratings, we should not forget that clinician ratings may not always correlate with patient perceptions of their own voice quality scores. 32 The Voice Symptom Scale is certainly worth considering if a more detailed patient self-evaluation is required. The advantage of the Voice Symptom Scale over the Vocal Performance Questionnaire or the Voice Handicap Index 10 is that it includes a physical symptoms subscale. 28, 30 However, whilst information on these physical symptoms may be interesting to obtain, physical symptom subscale results do not seem to correlate with vocal outcome nearly as closely as different voice measures correlate with each other. A review of the impact of surgery according to the Voice Symptom Scale impairment subscale showed an effect size of one, with a corresponding Voice Symptom Scale emotional subscale of 0.69 but a physical symptoms subscale response of only 0.43. 17 This result is perhaps predictable and indeed may be welcomed, as it suggests that these subscales may be obtaining information on an area of dysfunction which conventional strategies have yet to adequately address. Both the Voice Symptom Scale and the Vocal Performance Questionnaire are detailed in the appendices of this article.
Acoustic analysis of the speech signal would currently appear to have a limited clinical role. Reliability may be enhanced by recording and analysing multiple voice samples and averaging the results, but this is at the expense of utility. 22 Perturbation measurements of selected vowel prolongations may be greatly enhanced by following a strict recording protocol. 33 However, the value of this approach in measuring clinically useful change has yet to be established. Acoustic analysis of connected speech still appears to be in its infancy.
In a research context, there is no doubt that multidimensional analysis is best. Where high quality evidence exists, we should use it to guide our selection of the most robust voice outcome measures. However, limiting our data to that obtained by these tools only would be to the long term detriment of the development of knowledge in this area. For example, the general positive benefits of being a patient in a clinical trial mean that it would be very unwise to interpret research findings on the basis of self-reporting measures alone, however reliable they appear on statistical analysis. Clinical outcome data from laryngeal endoscopy, aerodynamic phonatory measurement and psychological impact assessment may all yield valuable data. It is however clear that these measures require considerable further attention, particularly with respect to reliability and sensitivity to change.
Please note that the Vocal Performance Questionnaire and Voice Symptom Scale are also available in electronic format (at http://www.entuk.org/clinica-l_outcomes/). This website also includes information about how to score the questionnaires, as well as several supporting publications.
